ABSTRACT -This study aimed to evaluate the chemical quality and fat profile of meat from crossbred goats (native and exotic) reared under feedlot systems. Thirty-two entire male goats were divided in equal number into four racial groups: eight pure Boer breed, eight ¾ Boer + ¼ SPRD crossbred, eight ½ Boer + ½ SPRD crossbred and eight ½ Anglo Nubian + ½ SPRD crossbred. All goats were reared under feedlot system and slaughtered at the average age and live weight of 223 days and 29 kg, respectively. The chemical composition including moisture, protein, ash, fat, cholesterol, phospholipids and fatty acids was determined. The breed types had no significant effect on moisture, protein, ash, fat, cholesterol and phospholipids contents. However, the percentages of oleic and stearic acids and the MUFA/SFA ratio showed significant differences between the four breed groups, with percentages ranging from 0. teor protéico e elevado índice de ácidos graxos insaturados.
Introduction
The meat quality is a combination of chemical and sensory attributes and a carcass with better fat/muscle proportions (Silva & Silva Sobrinho, 2002) . The goat meat has a great merchandising potential, as nowadays consumers tend to raise the goat meat consumption, considering its low fat content when compared to other red meats (Kannan et al., 2001 ).
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According to Silva Sobrinho & Gonzaga Neto (2001) , the industrial crossing has become a consistent practice in goat production systems, since pure animals have a high price while SPRD (Without Racial Standard Defined) have a lower price and a lower performance. The crossing between native and exotic animals can increase the growth rate and provide better carcass conformation and composition. The efficiency of this process depends on the breed selected, the individuality of animals and their nutritional level.
The excellent features of Boer goats, a meat-type breed, make it preferable when someone wants to select animals for rusticity, fertility, growth potential and carcass quality. Moreover, these animals have the ability to transmit their qualities when used in crossing systems (Madruga et al., 2005) . On the other hand, some producers have used Anglo Nubian breed as a paternal race, mainly because it is considered to have a double fitness (meat and milk).
Meat is a food preferred by most consumers; however, it is a food classified with high fat, cholesterol and saturated fatty acids contents and with low unsaturated fatty acids contents (Bragagnolo & Rodriguez-Amaya, 1992) . On the other hand, according to , goat meat has advantages in comparison to other meats available in the market, such as low fat, high digestibility, high protein, iron and unsaturated fatty acids levels. The Boer breed, originated from South Africa and introduced in Brazil, mostly in the Northeastern region, has been named to ensure the improvement of the quality of native goats (SPRD). The crossing between Boer and native animals has produced weight gain, provided by Boer breed, and maintained the rusticity inherited from native goats (Sousa et al., 1998) .
Today, the goat production sector prioritizes the production of high-quality meat. The need to conserve native breeds and to increase the meat production, associated with little information about the ability of these animals to produce high-quality carcasses and meat, encouraged the completion of this study, whose main aim was to evaluate the chemical quality and the fatty acids profile of meat from goats from different genetic groups finished in feedlot system.
Material and Methods
The study was conducted using 32 non-castrated male goats from four breed types -8 pure Boer; 8 ¾ Boer + ¼ SPRD; 8 ½ Boer + ½ SPRD; and 8 ½ Anglo Nubian + ½ SPRD -with initial weight of 18.0 ± 1.0 kg and initial age of 135.0 ± 2.0 days. During the confinement period in the Pendencia Experimental Station -State of Paraiba Agricultural Research Agency (EMEPA-PB), the animals were identified, weighed, submitted to health control and housed in individual cages measuring 0.80 m wide by 1.20 m in length, with feeders and water suppliers arranged in a hall.
The experiment lasted up to 84 days, including the period of 14 days to adapt to the management and diet. The animals were kept in confinement until they reached the slaughter weight of 29.0 ± 2.0 kg and presented, during the confinement period, total weight gain of 10.7 ± 1.0 kg and daily weight gain of 147.4 ± 20.0 g/animal/day, which did not differ between genotypes. During this period, all animals were kept under the same experimental diet, as a complete diet, balanced in accordance with the requirements of the AFRC (1993), consisting of 33% of grass-tifton-85 hay, 39% of ground corn , 11.5% of soybean meal, 7% of cotton seed meal, 7% of wheat bran, 1% of mineral salt and 1% of limestone (Table 1) .
At the end of the confinement period, the animals were submitted to solid fasting and free water for 16 hours; they were slaughtered in accordance with the RIISPOA standards (Brasil, 1997) . The carcasses were identified according to animal and genotype, and stored in a cold room, where they were kept for 24 hours at 2°C ± 0.5°C.
The Longissimus dorsi muscle was separated from the bone and intramuscular fat for quantitative assessments of chemical composition and lipid profile. They were packed in plastic bags, and finally frozen in commercial freezers at -18ºC for a period not exceeding two months, when the tests were performed. All goat meat evaluations were performed in triplicates.
Longissimus dorsi muscle samples were thawed in refrigerator for 24 hours. Then, they were submitted to toilet and ground in blender until obtaining a homogeneous sample. The moisture content was determined maintaining the meat in oven at 105ºC until constant weight; the ash content was obtained by burning the material in muffle at 550ºC; and the nitrogen content was determined through the Kjeldahl method, using the factor of 6.38 to convert the total nitrogen into protein nitrogen. All constituents were quantified according to the analytical procedures of AOAC (2000). The total lipid levels were measured in accordance with the method of Folch et al. (1957) , submitting the sample to extraction with a mixture of chloroform and methanol (2:1 ratio).
The cholesterol determination was carried out in accordance with methodology described by Bragagnolo & Rodriguez-Amaya (1992) , using a UV/visible spectrophotometer (Micronal B395) with wavelength of 490 nm. The phospholipids content was determined in accordance with methodology described by Pikul et al. (1985) , and adapted by Souza (1999) , using a UV/visible spectrophotometer (Metertec SP-818) with wavelength of 660 nm (Rangana, 1991) .
The fatty acids methylation was performed using methodology described by Hartman & Lago (1973) . The fatty acids were separated into a gas chromatograph GC model Master, coupled to the FID. The separation occurred in a fused silica capillary column Carbowax 20M (Supelco), polar type, packed with Polyethylene, with dimensions of 60 m x 0.53 mm id x 1μm of film thickness. Methyl esters samples (2 μL) were injected into a split/splitless type injector at 250ºC. The chromatograms, with retention times and the percentages of areas of fatty acids were recorded using a Peak simple Software (ARI Instruments -USA). The GC oven used the temperature program, which followed the chromatographic conditions: initial column temperature of 60 ºC, kept for 2 minutes, followed by a change in temperature of 5.5ºC/min up to 110ºC in the first ramp, remaining for 6 minutes. A further increase in column temperature was applied using a rate of 3.0°C/minute until the final temperature of 165ºC in the second ramp was reached, keeping this temperature for 10 more minutes. The total time of analysis was 45.4 minutes. Hydrogen gas was used as carrier gas with a flow rate of 5 mL/minute. The auxiliary gases were nitrogen (30 mL/minute), hydrogen (30 mL/minute) and synthetic air (300 mL/minute). The fatty acids were identified by comparing the retention times of methyl esters of the samples with authentic standards (Merck, USA). The fatty acids results were expressed as percentage of area (%).
The data was submitted to analysis of variance (ANOVA) using the F test to compare the mean squares and to determine the significance of the effect of genotype factor in a completely randomized design with four genetic groups and eight repetitions, using the statistical program Statistical Analysis System (SAS), version 6.12 (SAS, 1996) . The averages were compared by Tukey test at 5% probability.
Results and Discussion
Genotype had no effect (P>0.05) on the moisture, ash, protein, lipid, cholesterol and phospholipids parameters in Longissimus dorsi muscle from goats. According to the results (Table 2) , the meat was characterized as a red "lean", with low fat content, from animals raised in feedlot system and slaughtered still young. Hogg et al. (1992) reported that goat meat contains little fat and higher proportions of protein and minerals, which results in favourable protein/ fat ratio, consistent with the nutritional requirements of current consumer (Raljic et al., 1995) , including South African countries (Tshabalala et al., 2003) .
In general, the lipid deposition on the goat carcass only occurs when the animal reaches maturity or a body weight of 40 kg (Madruga et al., 2000) , which may explain the similarity between the groups slaughtered with weight lower than 40 kg. The low level of lipids observed in this study may also be related to the sample analyzed, since the Longissimus dorsi muscle was separated from the bone and intermuscular fat.
Fat values higher than those found in this study, with concentrations of 10.45 g/100 g in Boer genotype, were found by Tshabalala et al. (2003) in a study on the quality of goat meat from South Africa breeds, in which the Longissimus dorsi along with the subcutaneous fat from the carcass of animals was analyzed. Gibb et al. (1993) also reported significant influence of the breed in the humidity, in the crude protein. According to these authors, the fat levels from the carcasses of Saanen goats and Anglo Nubian and Boer crossbred ranged from 10 to 13 g/100 g, as a result of the high variation in the intermuscular fat index from these animals. Similarly, Dhanda et al. (2003) researched the quality of the meat from six goat genotypes in Australia and found that the protein and fat parameters differed between Boer × Mohair, Boer × Feral, Boer × Saanen genotypes slaughtered with a final weight from 30 to 35 kg and 7 to 8 months of age. The cholesterol concentrations in goat meat from different genetic groups were similar to those described by Pratiwi et al. (2006a) in the thoracic Longissimus muscle of castrated Boer goats slaughtered with different ages and weights: 60.3 mg/100g (30 kg, age <1 year), 60.4 mg/100g (45 kg, age <1 year), 59.3 mg/100g (60 kg , 1 year of age), 57.5 mg/100g (75 kg, 1.5 years of age), and 55.2 mg/100g (90 kg, 2 years of age). Cholesterol levels in similar age ranges were observed by other authors working with other goat breeds: 50.3 and 56.3 mg/100g in indigenous breeds of goats slaughtered at 5 to 6 months of age and raised in feedlot system with controlled diet (Kesava Rao et al., 2003) ; from 57.4 mg/100 g (175 days) to 74.1 mg/100 g (310 days) in Creole × Anglo Nubian or Saanen or British Alpine genotypes slaughtered at different ages (Madruga et al., 2002) .
Lower cholesterol values, from 33.48 to 45.46 mg/100g, were determined by Madruga et al. (2006) when studying the chemical composition of biceps femoris and semimembranosus muscles from goat meat from different genotypes (½ Boer + ½ SPRD cross-breed, ½ Anglo Nubian + ½ SPRD and only SPRD) and systems (feedlot and field). These authors reported that the system has influenced the cholesterol and phospholipids concentrations, and that the genotype × muscle interaction influenced the levels of lipids and cholesterol, which were higher in animals raised under feedlot system. The animals from this experiment, despite being raised under feedlot system, were slaughtered very young, and consequently presented little fat deposition in the carcass, and probably contributed to the fact that genotype did not influence (P>0.05) the cholesterol concentrations.
The cholesterol values found in this study can be considered moderate, i.e., <90 mg/100g (Pratiwi et al., 2006a) , and represent incentive for Boer × Anglo Nubian crossbred goat producers to invest in increasing the goat production or in the goat meat efficiency associated to nutritional qualities such as the low cholesterol level.
Ten fatty acids were identified in the goat meat chromatograms as follows: six saturated fatty acids (SFA), two monounsaturated fatty acids (MUFA), and two polyunsaturated fatty acids (PUFA). Among the ten fatty acids identified, four fatty acids constituted 95% of the total areas of the chromatograms: C18:1, C18:0, C16:0 and C18:2. Oleic acid (C18:1) presented the largest contribution to the fatty acids profile in the meat of goats from the four genotypes (Table 3 ). The percentages of the four major fatty acids were similar to those observed by Pratiwi et al. (2003) and Rhee et al. (2000) in goat meat.
Palmitic and linoleic acids did not differ (P>0.05) between genotypes; however, lower oleic acid concentration was found in ¾ Boer + ¼ SPRD genotype. Consequently, the meat of animals from that group had lower concentrations of total monounsaturated fatty acids in comparison to ½ Boer + ½ SPRD, pure Boer and ½ Anglo Nubian + ½ SPRD groups. The genotype influenced (P <0.05) the percentage of stearic acid (C18:0), contributing more strongly to the saturated fatty acids profile. The oleic acid and stearic acid values found in the meat of ½ Anglo + ½ SPRD genotype were intermediate (P <0.05) in relation to the Boer crosbred genotype. According to Rhee et al. (2000) , the ingestion of high amounts of long-chain saturated fatty acids increases the serum cholesterol; however, the stearic acid (neutral fatty acid) is rapidly converted into oleic acid by the body after ingestion and does not affect the blood cholesterol (Bressan et al., 2004) . These results indicate that the fatty acids profile of the genetic groups studied promotes a desirable nutritional diet, with the presence of adequate amounts of monounsaturated fatty acids and stearic acid (C18:0), that do not affect the blood cholesterol. Pratiwi et al. (2006b) studied the effect of genotype (Boer and Feral), castration and slaughter weight (5, 30 and 60 kg) in the fatty acids profile in Longissimus thoracic muscle of goat meat and found that the of oleic acid, stearic acid and linoleic acid concentrations did not vary between Feral and Boer breeds; only the palmitic acid was influenced (P<0.001) by genotype. These authors also found that the concentrations of all fatty acids were significantly affected by the slaughter weight, and that oleic and palmitic acids increased, while the stearic acid decreased with increasing weight gain, result not observed in this study because the animals have been slaughtered with similar weight. Studying the quality of goat meat from South African genotypes compared to sheep breeds (Damara and Dorper) in extensive grazing, Tshabalala et al. (2003) reported that the meat from Boer goats had higher percentage of saturated and unsaturated fatty acids (mono and polyunsaturated) in relation to animals from native breeds (Indigenous) and Damara and Dorper breeds.
From a nutritional point of view, it is important to evaluate the ratios between unsaturated fatty acids and saturated concentrations. In this research, only the monounsaturated: saturated ratio differed (P <0.05) between the genetic groups, with results ranging from 0.72 (¾ Boer + ¼ SPRD group) to 0.95 (½ Boer+ ½ SPRD group), as a result of the monounsaturated fatty acids concentration, especially by the presence of oleic acid in meat goats.
On the other hand, the values found for the PUFA: SFA ratio were from 0.08 to 0.11, below those suggested by Wood et al. (2003) , who recommended values above 0.4 to prevent illnesses associated with the consumption of fats. Some meats present naturally polyunsaturated: saturated ratio around 0.1 (Williams. 2000), which implies unbalanced consumption of desirable fatty acids (C18:3, C18:2 and C18:1).
According to Banskalieva et al. (2000) and Rhee et al. (2000) , the (C18:0 + C18:1) / C16:0 ratio is the one that best describes the possible beneficial effects of lipids, which values are from 2.1 to 3.6 for goat meat. In this context, the results for meat from Boer and Anglo Nubian × SPRD crossbred goats (with values from 3.13 to 3.26) show that this meat has excellent nutritional qualities. The results in this study, 74 to 76%, are in agreement with authors that reported that the DFA percentage in the fat of goat meat must range from 61 to 80% and confirm, under the nutritional point of view, the excellence of the Boer, Anglo Nubian and its crossing with SPRD goat meat.
Conclusions
The genotype did not determine the chemical composition and lipid profile (cholesterol and phospholipids) of meat from Boer and Anglo Nubian × SPRD crossbred goats; however, the ½ Boer + ½ SPRD genotype is highlighted by the high percentage of monounsaturated fatty acids in meat, especially oleic acid. In this context, the crossing of Boer and Anglo Nubian breeds with native SPRD, even at a ratio of 50%, result in a goat meat with excellent nutritional qualities, low cholesterol levels and high protein and unsaturated fatty acids contents in relation to other red meats.
